Bedload transport rates at a point using both laboratory and field measurement vary with time, from almost zero to several folds of the mean rate. The need to carry out point measurements over a sufficiently long sampling period is very important to cover inconsistency in the transport rate during a short period of observation. In this experiment the bedload was collected at a slot type sediment trap with ten-minute intervals throughout the tests. The aim was to examine the behaviour of mixed grain size sediment transportation during constant flowrates. Two hydrographs were applied to quantify the transport mode changes caused by an increase in time length as the mixtures were continuously exposed to the flow. It shows that intense bed degradation process occurred within three hours of the tests as indicated by almost identical rates of bedload transport during this period and the diminishing rate in the remaining hours. This reflects that a stable bed was achieved after three hours in which the armouring process was believed to take place. The grain size distribution suggests that the proportion of fine mode was relatively stable and the modal grain size of this mode experienced a similar pattern throughout the tests whilst the coarse mode was inconsistent and varied periodically.
Introduction
The erosion and transport processes of non-uniform sediment are much more complex than those of uniform sediments. Both types of sediment respond very differently to imposed fluid forces. Calculating sediment transport rates of highly non-uniform sediments using a single representative size of the bed material has been recognised as not appropriate. Therefore, in order to predict the response of mixed size sediment to flow, it is necessary to predict the transport rates of individual grain size fractions in the mixtures and then sum them up to obtain the total transport rate.
When there are no significant changes in bed roughness, it can be assumed that the movement of each particle of the sediment bed composed of the finer grains is not greatly affected by the presence of other grains. In coarser beds, the erodibility of the grain is expected to increase due to the grain relative projection above the mean bed and the exposure relative to the upstream grain. In a mixture the mobility of different grain sizes is strongly equalized by the fact that finer particles are protected by the coarser ones and, therefore, are less subjected to the hydraulic forces than in a uniform-size bed, and that the coarser ones suffer an enhanced exposure to the flow, in comparison to a uniformly sized deposit.
The objective of this study was to examine the behaviour of mixed grain size sediment transportation during constant flow rates. Two hydrographs with different time lengths of constant discharges were applied in order to quantify the changes in the transport mode caused by an increase in the length of time as a mixed grain size sediment bed was exposed to uniform flow rates. It is also expected that transport rate behaviour in correspond to time as well as the change in the composition of surface layer and the level of stability of each grain will be obtained from the experiment.
Literature review
The existing sediment transport relations are rarely suitable for predicting changes in the size distribution of bed materials in riverbeds undergoing degradation or aggradations [1] . This occurs since those relations only predict the total sediment discharge. Several empirical equations calibrated from different laboratory flume data sets have been proposed by many investigators with the assumption that the sediment is homogeneous and noncohesive [2, 3, 4] . The prediction methods of many existing published sediment transport rate relationships have therefore been developed using data from "uniform" sized sediments to allow the determination of the effects of the 'average' or 'representative' sediment size on transport rates.
Many researchers [1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] have carried out experiments involving the measurement of bed load transport rates of different fractions in a mixture, and the effect of size gradation. Since the experiments were mostly based on specific conditions, such as the original grain size distribution and the rate and composition of the incoming sediment, it has been difficult to apply the developed relationships to different streams in the field since the complex behaviour of bed load is caused by the existence of variations and different conditions through time [14] , its high variability may partially be affected by human activities and temporal variations of hydrological conditions [15] and a wide variety of morphologies exhibited by natural rivers, particularly in mountainous areas [16] . The problem of finding a universal bedload transport equation therefore lies in improving our understanding of the dominant physical factors that control particle movement in natural channels.
Some authors, e.g. Yang [2] and Ackers and White [3] believed that the dominant physical factor in the determination of the total sediment concentration is the unit stream power. Parameters such as water discharge, average velocity, energy slope and shear stress have all been taken to be the dominant independent variables in sediment transport equations. However the rate of transport is very sensitive, and the use of available predictive equations may result in very different answers and in the application produce complexity. Those existing equations are mostly derived under the assumption that there is always a determinate relationship between sediment discharge and a dominant independent variable [2] . Molinas and Wu [10] proposed that the transport rate functions of Yang [2] , Ackers and White [3] , and Engelund and Hansen [17] could be used to demonstrate the effect of grain size on the transport of sediment and these functions represent the transport phenomenon adequately. However, for a given flow condition and a range of sediment sizes, considerable scatter exists around the regression equation proposed by Molinas and Wu [10] . The presence of a range of grain sizes introduces many effects into the sediment transport processes. The effects that are of particular importance in mixed grain size beds occur when coarse surface layers develop. The development of these coarser surface layers, normally termed "armouring", alters both the surface grain size distribution and the grain surface geometry.
During high flows the supply of transportable sediment might not be uniformly distributed across and along the channel, but will probably be concentrated in local areas. Observations from laboratory and field measurements of sand and gravel transport demonstrate that, even at constant-flow conditions, transport rates at a point vary with time from zero (or near zero) to approximately four times the mean rate [18] . It is therefore very important in field investigation or laboratory experiments to measure the bedload transport rate at the same position over a sufficiently long sampling period in order to cover a distribution of "instantaneous" transport rates which may occur during a short period of observation.
Experimental set up
The experiments were carried out in a re-circulating glass sided tilting flume similar to the one used in Saadi [19] . The same constant flow rates of 34 l/s were applied in both tests. A slot type sediment trap located 12.7 m from the flume inlet was provided to collect the material being transported as bedload. It was positioned in the centre of the flume and equipped with two valves and an interchangeable collection bucket to allow an interrupted collection of bedload samples. This allowed a continuous record of the transport rate and bedload composition to be obtained at discrete time intervals continually throughout each test as a function of time. During the preliminary experiments it was observed that the movement of the bedload was not affected by the operation of the trap so that the pattern of transported bedload was believed to strongly reflect the actual pattern of transport phenomenon in the central section of the flume.
A section of uniformly sized fixed sediment grains was located downstream of the trap to form a static bed. Early observation of this area indicated no grains could have come from the mobile sediment bed. It was therefore concluded that the trap was highly efficient at collecting all the grain sizes in motion. The dimension of the trap is suitable to reliably collect the moving bed material. Preliminary experiments showed that the movement of particles was concentrated in the zone centred along the centreline of the flume. This was reflected by the existence of a valley-formed bed along the centreline of the flume where the average width of the valleys matched the width of the bedload trap. The sediment mixture used in the experiment was manufactured from three different grain size sediments to represent the natural sediment mixtures in many rivers (see Table  1 ). The mixtures have two modes, with the fine mode composed of three dominant grain sizes in the finer materials (0.25, 0.355 and 0.5 mm), while the coarse mode covered three dominant grain sizes in the coarser group (4.0, 5.6 and 8.0 mm). The geometric standard deviation of the mixture ( g ) is 3.42 with d 50 equal to 5.19 mm. This bimodal mixture was spread along the flume before the hydrograph was applied. During the tests no sediment was fed into the flume at the upstream boundary. The transported bedload was collected throughout the tests at 10-minute intervals and sieved to show the changes in the amounts transported in each mode.
Results and discussions
The observations indicate significant and rapid changes in the bedload transport rates during the initial hours of constant flow rates. Figure 1 shows that the Test 1 bed materials were highly mobile during the first 60 minutes with an average transport rate of 0.40 gr/s/m. This suggests that the transport processes involve sporadic release of material as bed adjustments took place. The movement of particles was very active reflecting the progressive development of the bed surface caused by a high constant discharge. The average transport rate reduced to 0.18 gr/s/m during the second hour, or to less than half of the initial rate. As the armouring process continued the transport rate continued to decrease, but at a slower rate reflecting the diminishing supply of dislodgeable grains. This was indicated by the almost constant transport rate during the last 60 minutes at 0.15 gr/s/m.
Similar to that in Test 1, there was a significant change in the bedload transport rate during the initial stages of Test 2. During the first hour the bedload transport rate was 0.38 gr/s/m. The rate dropped rapidly within the course of one hour to a rate of 0.19 gr/s/m, half of the bedload production of the preceding hour. In the next hour the rate fluctuated but continued to decrease with a rate of 0.13 gr/s/m. Another drop took place in the fourth hour of the test. At this stage the bedload transport rate decreased to more than 30% of the previous hour to 0.09 gr/s/m. Figure 1 shows that after this period the bedload transport rate was low and almost constant during the remaining hours with a rate of 0.07 gr/s/m both in the fifth and the sixth hours respectively. This pattern of transport suggests that the bed was highly mobile during the first 180 minutes involving a significant release of material from bed during the first 60 minutes of elapsed time. The re-arrangement of the bed is the result of sediment movement. As the armouring process continued the transport rate continued to decrease. It is believed that after 180 minutes, the bed started to develop differently. This is reflected in the slower and almost constant rate of bedload transportation. The application of a relatively high constant discharge to freshly laid bimodal sediment beds has a different effect on the fine and the coarse modes of transported sediment. During Test 1, the bedload composition shows systematic changes. Observations of grain distribution curves of the bedload indicate that the degradation phase occurred during the initial stages (Figure 2 ). In terms of modal grain size, the fine mode experienced a similar pattern of transport throughout the 3 hours whilst the coarse mode shows variations. The grain size of 0.355 mm was dominant in the fine mode for the whole duration of the test.
In the coarse mode, the grain size of 4 mm was dominant during the very first part of the test, i.e. 10 -40 minutes of elapsed time. These grains were thought to represent very loose or exposed grains, whose lack of stability had been caused by the mechanical scraper originally used to form the bed. Once these grains had largely been transported, larger grains of 5.6 mm become more exposed. The modal grain size in the coarse mode therefore increased. At an elapsed time of 90 minutes the proportion of 5.6 mm grains with sufficient exposure declined so much that the modal grain size reduced to 4 mm. This remained constant until 130 minutes elapsed when the coarse modal grain size varied from 5.6 mm to 4 mm periodically. The inconsistency in the coarse mode was believed to indicate the increasing exposure of larger grains as a result of decreasing amounts of finer grains left on the bed. The active depth of the bed had been found to be less than half of the largest grain size present. After the test the average bed surface measured by the vernier depth gauge had reduced by 4.3 mm. This decrease is approximately half the size of the largest grain size used in the sediment mixtures. A layer in the prediction of sediment available for transport was assumed using the two-layer active depth available for transport in a mixing layer as suggested by Willetts et al. [20] . In this case the active depth based on the present of largest grain d100 where each layer is equal in thickness to half of the largest grain is coincide with the actual decreasing bed surface level. The mixing layer contains 40.90 kilograms of sediment mixtures available for transport and 496.93 grams were transported during the course of 3 hours. The composition of the total transported bedload was calculated from laboratory observations so that the bed surface composition at the end of the Test 1 could be estimated. As seen in Table 2 , the percentage of the fine and coarse modes transported at the end of Test 1 are 38% and 40% respectively. It is evident that the grain sizes of 0.355 mm and 4.0 mm contributed quite significantly to the transported bedload so that the estimated composition of these sizes left on the bed at the end of the test are less than the original composition of the surface layer. Looking at Test 1 overall, three stages of activities have been identified. The first, which is relatively short (time elapsed 10-40 minutes), was controlled by the initial artificial condition of the bed. The second stage (time elapsed 40-120 minutes) was characterized by increasing amounts of fine material being moved and the coarse modal grain size moving from 5.6 mm to 4.0 mm. In the third stage (time elapsed 120-180 minutes), the proportion of the fine grains started to reduce. The proportion of the coarse mode increased and its behaviour became more erratic, with the coarse modal grain size alternating between 5.6 mm and 4.0 mm.
MATEC Web of Conferences
The composition of the transported bedload during the initial stages of Test 2 was dominated by the fine mode. As can be seen from Figure 3 , more sediment was transported in the fine mode than in the coarse mode throughout the test. In the last hour the rate of this mode reduced as the availability of this material left on the bed decreased. However, the contribution of this mode was still higher than the coarse mode. The fine mode also shows a similar pattern in the grain size distribution with the modal size of fine grains being 0.355 mm for the whole duration of the test. More interesting features are shown by the changes in the coarse mode. As the test progressed, the modal size of coarse grain shifts to the right from a grain size of 4.0 mm to larger grain sizes.
This suggests that the level of exposure of the larger grains increased with time. This leads to the flow being able to transport the larger grains. Although the percentage of finer grain transported during the test was dominant, this is not an indication that the coarse mode was more stable. It is the reflection of the ability of the flow to continuously remove the finer grain for the whole duration of the test. The surface grain size distribution was estimated in a similar manner as in Test 1. From the original mixing layer available for transport, 637.60 grams or 1.6% were transported. More than half, i.e. 478.78 grams, were transported during the first 3 hours of Test 2. This amount is very close to the transported bedload in the equivalent period of Test 1. Table 2 shows that grains in the fine mode contributed more than grains in the coarse mode for the transport rate as suggested by the distribution curve in Figure 3 . It appears that after 40 minutes the proportion of the fine mode was relatively stable whereas the modal grain size of the coarse mode started to fluctuate. The percentage of fine mode in transported bedload is 52% whilst the coarse mode, this is 31%. This resulted in the formation of a coarser surface layer than the original bed, which means the bed surface had coarsened during the Test 2 (see Table 2 ).
Normally when a constant flow discharge is applied, the transport rate with no upstream sediment feed is a function of time. The transport rate is expected to decrease rapidly and then remained at a low value. In this case the amount of bedload may be higher for the longer duration of experiments but this is not due to any increase in the transport rate: this is because after a set time the bed had reached an armoured stable condition and very low transport rates existed. It is clearly shown by Table 3 that the total amount of bedload transported in Test 2 increased only less than one third in comparison to that in Test 1. It is noticeable that after 3 hours of constant flow rate the bed was more stable and the rate of transport reduced in the remaining hours. Observation of the temporal pattern in transport rates suggested that the armoured stable bed condition was achieved between elapsed time of 3 and 6 hours as the transport rate dropped dramatically after 3 hours after exposure to the flow. It is believed that the process of grain size sorting also took place within this period leading to a formation of specific grain size distribution in the bed surface. In the last 3 hours of Test 2 a small bedload production was experienced. During this period only 90.16 grams of grains in fine mode were transported. This is a more than 63% decrease compared to that transported during the first 3 hours of the test (244.66 grams). The grains in the fine mode were better sheltered after 3 hours so that the rates dropped in the following hours. The grains in the coarse mode were also thought to have reached a stable condition. This is indicated by the relatively constant amount transported during the second period of Test 2. Only 7.12% was transported in the last 3 hours, or a decrease of more than 70% from the proportion produced in the first 3 hours of the test.
